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19. ABSTRACT (continued)

nonlabeled starting material, and the reaction sequence performed from beginning to end
on the exact scale that was planned for the master run. Any problems which were dis-
covered in the tracer run were worked out, and then the tracer run was repeated, if
necessary, or the master run was done.

The final products were analyzed for chemical and radiochemical purity, and specific
activity. Procedures used for the analyses included TLC-radio-scan, autoradiography,
HPLC, UV, and NMR and mass spectrometry where required. In addition to analyzing the
compounds when they were first prepared, they were also analyzed prior to shipment to
approved investigators.

The labeled compounds were stored at the Research Triangle Institute and sent to
investigators upon request of the Project Monitor. An up-to-date list of compounds in
inventory was provided to the Project Monitor each month.

During this report period a sample of D-[16-1 4 C]arteether was prepared. Development
work for preparing (2HB]thiodiglycol, bis(Ul 4C]trifluoromethyl)disulfide, [16-1 4 C]-

artemisinin, and tritium and carbon-14 labeled WR-238605 was completed. The development
work for preparing carbon-14 labeled WR-242511 was started.
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Foreword

During the period March 23, 1990 to March 22, 1991, the Research Triangle

Institute worked on a project entitled "Radlochemically-Labeled Compounds

Synthesis Laboratory". Dr. Robert E. Engle of Walter Reed Army Institute of

Research was the Contracting Officer's Technical Representatives.

Citations of commercial organizations and trade names in this report do

not constitute an official Department of the Army endorsement or approval of

the products or services of these organizations.

The following conventions are used in this report in order to avoid

confusion between nonlabeled and labeled compounds: (a) unless otherwise

designated, a compound and the number associated with it represents a

nonlabeled entity. (b) Numbers and names, Including partial names of labeled

compounds, will be preceded by an appropriate modifier in brackets, i.e.

[14 C]-10 or aldehyde [14 C]-10, etc. Specifiers will be included when required

for clarity, i.e. [1,2- 3H]-Lo, (2-3H).10, etc.

S. ... . .. .... . . ... • .. .. ... .. ... • .. .... .. .. ... •TI....
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1.1

1.0 SuarT.lary

During this report period a sample of A-[16- 14 C]arteether was prepared.

Development work fr-r preparing [2 HB]thiodiglycol, bis([14 C]trifluoroniethyl)-

disulfide, [16-i 4 C]artemlsinin, and tritium and carbon-14 labeled WR-238605

was completed. The development work for preparing carbon-14 labeled WR-242511

was started.

A total of eight shipments were made during this report period.

'j
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2.0 Synthesis of Labeled Compounds

2.1 [1- 14C]Perflucroisobutylene ([14C]-4)

The scheme being investigated for the synthesis of [1-1 4 C]perfluoro-

isobutylene ([1 4 C]-4) is outlined in Chart 1. The scheme is based on the

reported synthesis of ( 13C]dichlorodifluoromethanel ([1 3 C]-I) and ger.-di-

fluoroolefins. 2 Acetophenone (5, Chart 2) is being used as a model compound

because of the toxicity and volatility of 4. Earlier studies 3 established

that reaction of acetophenone and dibromodifluoromethane (7, BFM) in the

presence of hexamethylphosphoroustriamide (HMPT) gave 70-80% yield of olefin 6

at ambient temperature, but when BFM was replaced with dichlorodifluorometdarl

(2, CFM) no 6 was foniied unless the reaction was heated above 800C. Evidence

was presented3 that the diffe-ences in yield and reaction conditions when

using CFM compared to BFM was not due to the lack of formation of complex 8,

(Chart 3), but its subsequent conversion to ylide 10 by HMPT.

Heating the reaction mixture will cause technical difficulties with the

radiozynthesis because of the low boiling points of hexafluoroacetone (33)

(-26"C) and the product, PFIB (4) (6"C). Two strategies to overcome this

problem were investigated. An attempt was made to prepare BFM by modification

of the method used to prepare [1 3 C]-2.1 Reaction of carbon tetrabromide with

antimony trifluoride and antimony tribromide 4 did not give any detectable BFM.

The second approach to overcome this problem was to find a catalyst that

would convert salt 8 to ylide 10 at ambient temperature or below. Burton and

Ishikawa et al. 2 . 5 have reported t:;at metals such as zinc, mercury and cadmium

promoted the reaction of the BFM-triphenylphosphine complex (9) with aldehydes

and ketones. We found that zinc also promoted the reaction of the CFM-HMPT

complex (8) with 5. HMPT was allowed to react with CFM (2) in N,N-dimethyl-

acetamide (DMAc) to form 8. Acetophenone was added after stirring for 2 h and
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Chart I

TCc4  + SbF3  *SbO1s ----- -CFI2C

'CF2Ci + (CF~hM (C-F.) 2 C - .CF2

['4Cl-2 3 [j4CI
Chart 2

UCFýa + 05 V001  -~-- H

2 6

a) I(CH3}zNb P'. tNr*'

Chant 3

[(CH3VihP- + CF2)(2  - ff(CH342MhpCF 2XPC C.2NP

7. X-Br 9.X-Br

[(CH32NLPCFZ [CH3)NLPi
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zinc was added 0.5 h later. GC analysis of the reaction mixture ifte- :tir-

ring overnight at room temperature shcwed a ratio of product 6 to acetophenone

of 95:5.

With an acceptable method for the conversion of 2 to 6 In hand, the

entire synthetic scheme for preparing [ 14 C]-4 was tested with tie ea7</henone

model. All 'of the operations were carried out on the vacuum manifo'

Antimony trifluoride and antimony pentachloride were combined and Pdaced on

the nanifold. Carbon tetrachloride (5 mmol), which will be :.e source of the

carbon-14 label, was transferred to the reaction flask and the mixture was

allowed to stir at 40"C for 2 h. The yield of 2 was quantitative as measured

by the volume of gas generated in the vacuum line, but the purity was unknown.

The 2 was allowed to react with HMPT in DMAc. After 2 h, acetophenone and dry

zinc dust were added to the reaction mixture. After stirring overnight, GLC

analysis showed the mixture to be 69% product 6 and 26% acetophenone.

The results of this experiment Indicate that this method should be useful

for preparing (14 C]-4, but we have not found a source for 3 standard sampl: of

4 and we have no method for its purification. There are GIC methods reported

for its analysis. 6

We suspect that (14 C]PFIB will rapidly polymerize because of its high

reactivity coupled with the ionizing radiation associated with the radioactive

label. Bayliff and Chambers7 have reported that PFIB forms salt 11, with

[(CF 3)3C)- Cs*

11

cesium fluoride. If PFIB can be regenerated from 11 the salt may be a suit-

able form for its storage and characterization. This cannot be determined

however, unless a source of nonlabeled PFIB is found.

LiA
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Work on this synthesis has been temporarily stopped at the re-,uest of

USARHOC.

2.2 Bls([1 4 Cltri flLoromethyl)d.sul fide ([ 14 C]-15)

Develcpment work has continued on the synthesis of bis([ 1 4 C~trifluoro-

methyl)disulfide (( 14 C]-15). The proposed scheme for this synthesis Is

outlined In Chart 4 and is based on methods 8 ,9 used to prepare nonlabeled 15.

Earlier 3 we described modification of the reported 8 method for preparing

sulfenyl chloride 13 which allowed Its preparation on a small scale suitable

for the eadiosynthesis. Work this report period has focused on deý,"loping

small scale synthesis procedures for preparig sulfenyl bromide 14 and the

target compound, disulfide 15, as well as analytical and purification methods

for 14 and 15.

Early In the course of developing the synthesis of labeled 15, it became

apparent that the lack of a good analytical method hampered progress.* Three

GC methods were investigated for analysis of 15; (1) 10% OV-101 on Gas Chrom Q

100/120, (2) 10% OV-210 on Chromosorp W-HP 80/100, and (3) 10% DC-200 on

Chromosorp W-HP 80/120. Two of these coiumns, the DC-200 and the OV-101 gave

satisfactory separation of 13, 14 and 15 when run with a temperature program

of 20"C-190C at 10"/min.

GC analysis of 14 prepared as described above showed that the preparation

contained varying amounts (30-50%) of unknown impurities with shorter reten-

tion times than 14. When 14 was treated with fresh 48% hydrobromic acid, the

amount of the impurities was greatly increased. Compounds 16 and 17 have been

reportedgI0 as being formed during the preparation of 14, but were eliminated

arcTCSs& Br2CCS& C.SSCCh

16 17 ld
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Clhari 4

aS - . C1 3C'SCI b C13CSa

S1 CJ-i 2 [ 1 C]-13 1 14C-I-4

-. ~- F3CSSCF3

1 4cl-I s

a) Ch2

C) KF
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as possible candidate impurities along with disulfide 1_8, the photochemical

decomposition product 1311, because their boiling points are considerably

higher than 14 and thus are unlikely to have rt tention times shorter than 14.

The two major impurities were tentatively identified as chloroform and carbon

tetrachloride on the basis of their GLC retention times. Attempts to purify

14 by distillation were not successful. An alternate procedure for preparing

14 was developed [HBr-HOAc (30%), -10°C, 2 h'. rhe crud. reaction mixture

must be washed with water and sodium bicarbonate solution prior to drying o¶er

phosphorous pentoxide, but even with these extra step; the yields if 14 are

high (85-90%) and the purit., of the product is better than 90-95%.

With 14 prepared by the new method as starting material, the step to

prepare 15 was studied using different solvents and means of addition of 14 to

the reactioo mixture. In our initial attempts to prepare 15 we used 18-crown-

6 as reaction solvent because our early analytical methods appeared to show

high yields of product. After developing a GLC method that resolves the

product from the various impurities, it became apparent that the crown ether

is not as good a solvent as tetramethylene sulfone (TMS) for this reaction.

To date the best method for preparing 15 invol'es the dropwise addition of 14

over 45 min to a suspension of potassium fluoride in TMS at 165-1700C with a

slow nitrogen sweep of volatile reaction products to traps cooled with liquid

nitrogen.. The reaction product was purified by tTap (09C) to trap (-779C)

distillation at 150 , GLC analysis of the headspace above the purified

product shows about 80%.purity while GLC analysis of a deuterochloroform

solution of this material showed 96% purity. 13C NMR analysis of the solution

shows primarily 15 with what appears to be a small amount of hydrocarbon

Impurity. Thzre are no detectablo .ontaminants which contain a C-F bond and

there is no detectable carbon disulfide. Carbon disulfide was detected in
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crude samples of 15. The yield of 15 was not determined but appears to be

low.

Work has been stopped on this synthesis until further notice at the

request of USARMOC.

2.3 1.S-Dihydroxy-f1,1,2,2,),4,5,5-3 H81-3-thiapentane; (2Hs]thiodiglycol,

12H8] -210

The synthesis of [2 H8 ]thiodiglycol ([ 2 H8 ]-20) was accomplished by using

the scheme shown below. 1 2 , 13 Reaction of 12H41-19 with sodium s-lfide gave

iCcCDO2H + Na2S - HOCD2CD2SCD2CD2 0I

[H41-19 [2H8] -10

a 98% yield of [2 H8]-20 after distillation. GLC analysis of this product,

however, indicated the presence of about 15% of an impurity with the same

retention time as 1,4-thioxane (21). Chromatography of [2 H8]-20 gave a sample

(0
21

that was 98% pure by GLC analysis (peak area ratio), but with an unacceptable

elemental analysis that was 0.8% low for carbon and 0.7% low for sulfur. The

elemental analysis implied that the sample was wet. Vacuum distillation,

however, failed to give a sample with an improved elemental analysis. GLC

analysis of the distilled material showed it to be g6. pure. This compares to

a commercial sample of 20 from Aldrich Chemical Co. which was 96.4% pure by

GLC. The major impurity elutes as a broad pzak somewhat earlier than 20 in

both the commercial sample and the synthesized [2 H8 ]-20 sample. The impurity
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-as shc,.n not to be ethylene glycol by c_,.papison of its GLC retentio tlime

with an authentic sample. The data on this sample is currently Leing

evaluated by USARMDC to determine if it is sufficiently pure for Its intended

purpose. If the sample is not pure enough for use, further purification will

be attempted.

2.4 WR-255131: P[16-14 C]Arteether ([1 4C]-24)

The master synthesis of P-[16-1 4 C]arteether, ([141-2_4, Chart 5) was

completed. Sodium borohydride reduction of (16- 1 4 C]artenisinin ([ 14 C]-22)

yielded 187 mg of [16- 14 C]dihydroartemis nin ([ 14 C]-23) (9)% radiochemical

yield). [ 14 C]-23 was treated with boron trifluoride etherate whicO gave a

182 mg mixture of a- and P-[16-1 4 C]arteether, (81% radiochemical, 89% chemical

yield).

An additlonal 42 mg of [1 4C]-23 fron inventory (lot 1 5994-123) was

treated with boron trifluoride etherate to yield a 38 mg mixture of a- and

A-[16-1 4 C]arteether, (92% radiochemical, 82% chemical yield).

The two lots of the a- and p-(16- 1 4C]arteether mixture were combined and

purified by HPLC. The mixture was dissolved in ethanol and 5 mg injections

were made onto a preparetive column (Rainin Dynamax, C-18, 8 p, 21.4 x 250 mm,

85% CH3 CN-H 2 0, 9.9 mL/mmn). Each P-[16- 14C]arteether fraction ccllected was

checked for purity on an analytical system, (Altex Ultrasphere-ODS 5., 4.6 x

250 nmm, 60% CH3CN-H 2 0, 1.2 mL/min). Impure fractions were combined and

repurified. A total of 103 mg (41% chemical yield), 2.17 mCI .(51% radio-

chemical yield) of p-[16- 14 C]arteether of 96% radiochemical purity was

obtained.

A significant amount (20%) of a-[16-1 4 Cjarteether (25) is formed in the

synthesis of P-[16-1 4 C]arteether. Methods of Isomerizing a-zrteether to

P-arteether (Chart 6) were investigated with the hope of obtaining more of the

n ;>
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Chart 5

OsCs

C H 3 0 ýC0

H H

0) NaH 
*4c 0 cpi

I C4CI-24

b



Chail 6

CH, CH3
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9HI H
H 0 H

bcm~f3CH~CH 2O *CH 3

I 4 Cl-25 t 4Cl.24

~)BF!3 OEt2, EIOH
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K Vdesired P-[16-1 4 C]arteether. In a preliminary run, pure a-arteether was

treated with boron trifluoride etherate in benzene-ethanol solution. After

42 h at room temperature HPLC analysis showed that a 1:1 mixture of a- and

f-arteether was present along with several impurities. To determine the

position of equilibrium, two experiments were run: 1) the P-isomer was treated

with one equivalent of boron trifluoride etherate In an ethanol-benzene

solution and 2) the a-isomer was treated-with two equivalents of boron trf-

fluoride etherate in an ethanol-benzene solution. These conditions duplicate

those used in the fcrmatlon of arteether from dihyoioartemisfiin.

The fl-isomer slos:ly iso.serized to a mixture of a- and .- isomers heavily

favoring the P-isomer (94:6 after 48 h). The a-isomer slowly isomerized to

the P-isomer giving a 1:1 mixture of isomers after 50 h. The reaction was

monitored for a total of 140 h, and although the ratio of isomers remained

relatively constant at. 1:1 during this time, it appeared that the isomers were

consumed to produce the major impurity, possibly dihydroartemisinin.

These results indicate that it is possible to isomerize a- to fl-arteether

but that it is not very efficient.. No further work is planned in this area

since the synthesis'provided the amount of P-[16- 1 4C]arteet-her that was

requested.

2.5 WR-249309: r16-1 4 C]Artemisinimn [1 4 CI-22)

Studies of the preparation of ([6-14 Cjarte'isinin ([14C]-L2) according to

the method of Avery 14 have been started (Chart 7). Initial problems with the

alkylation of the dianion of 26 were traced to incomplete drying of 26 and a

low titer of n-butyl lithium. Correction of these problems lead to 94% yield

of 27 from alkylation of 26. Ozonization of 27 followed by treatment with

acid afforded artemisinin In 37% yield after purification.

The alkylation of 26 is carried out with 2.4 equivalents of methyl

iodide. This is done to insure complete conversion of 26 to 27, because at

/.
,//
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present, we do not have a method for separating 26 and 27. The results of a

tracer run suggested that radlolabeled methyl iodide could be conserved by

first treating the dianion with one equivalent of (14 C]methyl Iodide followed

later by a second equivalent of nonlabeled methyl Iodide. When this strategy

was carried out on the master run an 80:20 (determined by IH NMR) mixture of

26 and ( 14 C]-27 was obtained. We suspect that the lack of complete reaction

was caused by impurities in the purchased (14C]methyl Iodide since the

specific activity of the product, 35 mCi/mmol, is close to the expected

32 mCi/mmol If the [14 C]methyl iodide was contaminated with 20% of its

precursor [14 C]methanol.

As stated earlier, we do not have a method for separating 26 and 27, s.

an -xpertment was done to determine if a mixture of 26 and 27 could be con-

verted to 27 without dialkylation. Accordingly, a 40:60 synthetic mixture of

26 and 27 was subjected to the alkylation conditions. The IH NMR spectrum of

the isolated product was identical with that of 27 with ih detectable 26 dnd

no indication of dialkylation.

We plan to use this method to convert the 80:20 mixture of f 1 4 C]-27 and

26 from the master run to give pure [ 14 C]-27. We expect the master run to be

completed by the end of May, 1991.

2.6 WR-238605: 8-[(4-1i4no-1-methy Ibutyl)amino!-2,6-diiethoxy-4-methyl-5-

[3-(trifluoromethyl)phenoxylquinoline Succinate

2.6.1 8-r(4-Amino-l-methylbutyl)aminol-2,6-dimethoxy-4-methyl-5-[3-

(trifluoromethyl)phenogylr4-14C]quinoline Succinate r4-14]-c]

WR-238605([ 14 C1-41)

Work on a repeat synthesis of [4-1 4C]WR-238605 ([ 14 C]-4_) was begun this

report period (Chart 8). A previous preparation of this material gave lower

than expected yields of th* N-oxide [ 14 C]-35 from the reaction of (1 4 C]-34

r l l1117
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Chart 8
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with m-chloroperbenzoic acid (MCPSA). 3 Consequently, this reaction was rein-

vestigated before starting the repeat synthesis. A sample of MCPBA was puri-

fied to determine if its purity was relevant to the yield of 35 from 34. Re-

action of 34 with purified MCPBA gave a 71% of 35. This yield approaches our

best yield of the past (76%), but the product has a low melting point. Never-

theless, it appears that the purity of the MCPBA is important to the yield of

35.

We plan one additional test reaction with magnesium monoperoxyphthalate

as oxidizing agent, which has been described as a good substitute for MC:PBA. 1 5

The synthesis of [14 C]1,R-238605 will be started as soon as this study is

complete. The current plan is to prepare a large amount of fluoroquinoline

[1 4 C1-31, and use it for the synthesis of both [14 C]WR-238605 and [ 14 C]WR-

242511 (see later).

2.6.2 8- [(4-Amino-I -methylbutyl) amino-2,6-dlmethoxy-4-methyl-5-[5- (tri-

fluoromethyl) r2- 3H]phenoxylquinol ine Succinate; f3H]WR-238505

(r 3 H]-41)

Development work for preparing (3H]WR-238605 has been comleted (Chart 9,

Scheme I). Initially, we attempted to prepare 2-bromo-5-trifluoromethylphenol

as an intermediate by using a reported procedure1 6 , but -'ere able to obtain

only inseparable mixtures of mono-,di-, and tribromo- compounds. Although, in

theory, a mixture of halogenated phenols could be used, a monohalogenated

intermediate.is preferred for the radlosynthesis because it reduces the numner

of possible radiolabeled contaminates. Furthermore, based on steric consi-

derations, we believed that a.mono halogenated compound substituted as 45

offer advantages with selective catalytic reduction over those substituted as

46 and 47.

OH OH OH

45 46 47
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Chart 9
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Edgar and Falling recently reporteU1 7 a new method for prearing fodo-

phenols whereby one can control the degree of iodination. Treatment of 3-

(trifluoromethyl)phenol (42) with one equivalent of sodium iodide and sodium

hypochlorite gave a product that was 99% pure by GLC analysis. The mass

spectrum of the product showed that only one iodine had been incorporated into

42, and the lH NMR spectrum showed that the iodine was not at the 2-position

(singlet at 6 7.26), but did not discriminate between 4- and 6-substitution,

i.e. 43 and 48. The 13 C NMR spectrum Indicated that the product had structure

43. A singlet at 8g.g ppm was observed for the carbon bearing Iodine. Two
x

4CF,

OH

42Y.H,X.H
43 Y-I. X-H
48 Y.H. X.I

quartets at 118.9 and 112 (JCCCF - 4 Hz) were assigned to the 2- and 4-carbons

on the basis of long range coupling with the flourine atoms. If the iodine

atom had been at the 4-positio,, i.e. 48, then the signal at 89.9 ppm would

have been a quartet.

Catalytic reductive deuteration of 43 was carried out in 0.1 N sodium

hydroxide with 10% Pd/C catalyst to give a quantitative yield of [2H]-44. The

completion of the synthesis of [3H]WR-238605 can proceed from Intermediate 43

by at least two methods. The tritium label can be introduced at the.beginning

of the scheme (Scheme I, Chart 9) or at the last step (Scheme 11, Chart 9).

Although we considered Scheme II unlikely to be successful because of the

sensitivity of the 2-methoxy quinoline system, we felt it worthwhile to

confirm this, since Scheme II has nine fewer step. with radioactive material

than Scheme I. Accordingly, the free base of WR-238505 (50) was subjected to

[?j:
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the catalbtIc red- cticn conditions required for reductive tritiatior. Consi-

derable decomposition of 50 was observed under these conditions, thus Scheme I

rather than Scheme II will be used to prepare [ 3H]WR-238(n5.

The development work for preparing [3 H]WR-238605 Is essentially complete

and delivery is scheduled for September, 1991.

2.7 WR-242511: 8-f(4-amino-l-methylbutyl)amino]-5-hexoxy-6-methoxy-4-
methyl[l 4 Clquinoline (0,1) Tart.-ate, r14C]WR-242E11 ([ 14 C1-55)

The scheme proposed for the synthesis of [1 4 C]WR-242511 ([ 1 4 C]-55) is

outlined in Chart 10. The synthetic scheme differs from the p~jblished

scheme 1 8 in that fluoroquinoline 31 replaces chloroquinollne 56 (Chart 11) as

the intermediatc for p;-eparing '.,xaxyquinol.ne 51.- This was done for several

reasons: (a) we have experience in preparing [ 14 C]-31; (b) [ 14 C]-31 is re-

quired for the repeat synthesis of [14 C]WR-238605 (see earlier), and economies

can be made by preparing a large batch of [14 C]-31 and using it for both

syntheses; (c) the number of steps with radioactive material to intermediate

51 is reduced; and (d) it was anticipated that the fewer steps, plus the

expectation that the flourine of 51 would be more susceptible to nucleophilic

displacem-ent than the chloride of 56, would lead to a better yield of 51.

Initial studies of tne reaction of 31 with hexoxide gave low yields

(35-55%) of product 51. It was determined that these low yields were due to a

combination of elevated reaction temperature (- 120"C), long reaction time,

and a complicated workup procedure. This reaction gave an 87% yield of 51.

when run at 80°C for 3.5 h and worked up by simply removing the solvent under

vacuum and chromatographing the residue.

Conversion of 51 to aminoquinoline 52 was accomplished in. 86% yield by

reduction with iron fillings as reported18 and in quantitative yield by

catalytic hydrcgenation with platinum oxide catalyst. The latter method will

be used for the radiosynthesis, not only because of its superior yield, but

'71 ____7,1
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Chart 10
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also because of the ease of morkup. Reaction of 52 with 2-aodophthalimldo;:en-

tane afforded 53 in 70% yield.

All of the steps up to compound 53 now give acceptable yields fcr the

radiosynthesis leaving only the last two reactions to be studied. The tracer

synthesis of [1 4 C]WR-242511 will be started as soon as these studies are

completG.

3.0 Pu-ification

All of the impure samples of [ 14 C]WR-238605 left over fror various

preparations and mother liqjors were combined with the inventory samples

Lr-4167-59-1 And CT-6120-85-1 and purified by crystallization from ethanol-

ether. The yield was 310 mg (8.3 mCi) of [ 14 C]WR-238605 with specific

activity uf 15.7 mCi/mmol (27 pCi/mg) and 96% radiochemical purity by HPLC-

RAM 19 and 971 radioc".emical purity by radio-TLC. 2 0

4.0 Shipme ts

A total of eight shipments were made to investigators as authorized by

the Project Monitor during the period March 23, 1990 - March 22, 1991

(Table 1).

5.0 Inventory

A list of the compounds held In inventory March 22, 1991 by the Research

Triangle Institute for the USARMDC is given in Table 2.

F77 .
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Experimental

Analytical TIC were performed using E. Merck silica gel F-254 plates.

Radioactive samples were counted on a Packard Tri-Carb 4000 liquid scintil.-

lation spectrometer using internal standard1 in Ultima Gold cocktail.

Developed TLC plates were scanned on a Berthold model LB 283 linear analyzer

system. HPLC was done using Waters Associates Model 6000A dual pump system

with a Model U6K septumless injector and a Berthold 93del L8503-HDS or p-RAY.

Flow monitor IB radioactivity monitors as the detector.

!6-l. 4 Cloiydroqir.hhaosu.(2)2

A solution of [16-1 4 C]qlnghaosu in toluene (168 mg, 0.60 mmol, 4.31 mCi)

was stripped to dryness in a 50 mL recovery flask. The residue was dissolved

in metkanol (9 mL) and cooled to OC via ice bath. SWium borohydride

(180 mg, 4.89 mmol) was then added to the solution. The reaction was allowed

to stir for 2 h at OOC under N2 . Radio-TLC (SiO2 :GO% hexanes-EtOAc) verified

that the reaction was complete. The reaction mixture was quenched with 20%

HOAc-MeOH (4 mL), and stripped to dryness yielding a white solid. This solid

was extracted with EtOAc (2 x 15 mL), filtered, and the combined extracts were

stripped, and dried under vacuum. A white solid was recovered (187 mg, 110%

crude chemical yield, 4.25 r.Ci). This material was used in the next reacticn.

Chemicals and Sources

(16- 1 4 C]Qinghaosu SRI International S12524-16-2; SW39-13

Sodium Borahydride Ventrcn 14121

Methanol Fisher A412-4

Ethyl Acetate Fisher E 145-4

Hexanes Fisher H 291-4

Acetic Acid Fisher A38-21Z

/
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r16-1 4 C]Arteether (313

(16-1 4 C]Oihydroqinghaosu (187 mg, 0.66 nol) was dissolved In benzene

(9.4 mL) in a 50 mL recovery flask. Absolute EtOH (3.2 mL) was added to the

solution followed by boron trifluoride etherate (81 pL, 94.1 mg, 0.66 Mmol).

The reaction mixture was allowed to stir at room temperature for 24 h under

N2 . Radio-TLC (SI0 2 :60% hexanes-EtOAc) verified the reaction was complete.

The mixture was quenched with saturated NaOAc (4 mL), diluted with 20 mL of

H2 0 and extracted with EtOAc (2 x 20 mL). The EtOAc extracts wcre combined,

dried with Na2 SO4, filtered, and stripped to dryness. A gummy opaque solid

(182 mig, 89% crude chemical yield) was recovered. A previously synthesized

sample of (16-1 4C]dihydroqinghaosu (lot #5994-123, WR-253997) was treated with

BF3 .OEt 2 in a like manner to yield an additional 37.8 mg (0.73 mCi) of a,pf

[lb- 14 C]arteether. These two lots were combined and purified by preparative

HPLC (Rainin Dynamax C-18, 8 v, 21.4 x 250 mm, 85% CH3CN-H 2 0, 9.9 mL/min.

224 nm) to remove a-[16-1 4 C]arteether (tR 11 min, 51 sec) and impurity

(tR = 23 min, 20 sec). The crude product was dissolved in absolute EtOH, and

aliquotes containing approximately 5 Ng of material were injected on the

column. The fractions containing P-[16-1 4 C]arteether were collected

(tR - 25 min, 19 sec), stripped, and analyzed by analytical HPLC (Altex

Ultrasphere-ODS, 5 p, 4.6 x 250 mm, 60% CH3CN-H 2O, 1.2 mL/mln) using a radio-

detector (cell: HM30U3). Impure fractions containing significant amounts of

P-E16- 14 C]arteether were combined and repurifled. All of the fractions con-

taining pure P-[16- 1 4 C]arteether were combined and stripped to give 103.3 mg

(2.17 mCi, 51% radlochemical yield) of material with specific activity of

6.58 mCi/mmol. The entire lot (6376-28) was shipped to Dr. Theoharides.

7777.
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Chemicals and Sources

Absolute Ethanol Aaper

Benzene Burdick & Jackson AR756

Boron Triflucrlde Etherate Aldrich 00212 CT

Sodium Acetate Fisher S-210

Ethyl Acetate Fisher E145-4

Hexanes Fisher H291-4

Sodium Sulfate Fisher S420-3

Acetonitrile Burdick & Jackson AX503
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